Adipose-derived stem cells (ADSCs) are widely used for tissue engineering and regenerative medicine. The beneficial effects of ADSCs on wound healing have already been reported. Remodeling of extracellular matrix (ECM) is the most important physiological event during wound healing. ECM is sensitive to mechanical stresses and the expression of its components can be therefore influenced. The aim of this study was to investigate the effect of simulated microgravity on gene expression of some ECM and adhesion molecules in human ADSCs. After isolation and characterization of ADSCs, cells were exposed to simulated microgravity for 1, 3 and 7 days. Realtime PCR, fluorescence immunocytochemistry, and MTT assay were performed to evaluate the alterations of integrin subunit beta 1 (ITGB1), collagen type 3 (ColIII), matrix metalloproteinase-1 (MMP1), CD44, fibrillin (FBN1), vimentin (VIM) genes, and ColIII protein levels as well as cells viability. Microgravity simulation increased the expression of ITGB1, ColIII, MMP1, and CD44 and declined the expression of FBN1 and VIM genes. ColIII protein levels also increased. There were no significant changes in the viability of cells cultured in microgravity.
mortality, easy availability, and safe isolation (9) . It also has been shown that ADSCs have therapeutic effects in wound healing and tissue repair studies (10) . Today, impaired wound healing is challenging because of inadequate skin tissue in the site of injury. Therefore, stem cell biology provides the novel option for the cell therapy of wound repair.
Remodeling of the extracellular matrix (ECM)
is the most important physiological event during the wound healing process (11) . ECM is the largest component of the normal skin, and its components play several key functions in wound healing process, such as providing support to lead cells into the injury area, and stimulating cells to proliferate and differentiate (11) . Apart from the role of ECM in wound healing, it is also involved in a series of other cell activities including signal-transduction pathways, cell migration, and organization of cells into tissues and coordination of cell functions (12, 13) .
Studies have shown that the expression of ECM components can be influenced by mechanical stress (14) . One of the most important mechanical factors that affect all types of life on earth is gravity. Previous reports have indicated that cultured cells like MSCs have responded to gravity (both microgravity and hypergravity), too (15, 16) .
Microgravity has been confirmed to affect growth and physiology of cell through impacting on intracellular signaling mechanisms, cell secretions, and gene expression (17, 18) . It has been shown that components of the cytoskeleton such as actin polymer are gravity sensitive and reorganized in microgravity condition. This can lead to changes in cell morphology and fate (19, 20) . Integrin is a mediated cell adhesion protein that connects the cytoskeleton to ECM (21) . Vimentin, integrin, and CD44 are the proteins that play important roles in cell adhesion and ECM formation (22) . With regard to ECM roles and the communication between ECM and cytoskeleton, it is expected that changes in mechanical forces have a significant effect on the ECM structure. Most researchers have used BMSCs to study the effect of simulated microgravity condition on the function and structure of stem cells (23, 24) . According to the variety in cell types and differences in their structure and functions, the effects of gravity on various cell types are different.
Therefore, molecular mechanisms of the cell response to gravity are not fully understood yet.
Altogether, the aim of the present study was to investigate the effect of simulated microgravity condition on gene expression of some components of ECM and adhesion molecules. Our selected genes were integrin subunit beta 1 (ITGB1), collagen type 3 (ColIII), fibrillin (FBN1), vimentin (VIM), matrix metalloproteinase-1 (MMP1), and CD44. We have examined the expression of ColIII at RNA and protein levels Under microgravity simulated by clinostat.
Materials and methods

Preparation of adipose tissue sample
All experiments were performed according to Biowest, France) and used for the cell isolation.
Isolation of ADSCs
Cell isolation was done by enzymatic 
Characterization of ADSCs
The isolated cells from passage 3 were suspended in phosphate-buffered saline (PBS) 
MTT assay
MTT assay was done as described previously (28) . A working solution of 5 mg/mL (3-(4, 5-dimethylthiazol-2-yl) -2, 5-diphenyl tetrazolium bromide) (MTT; Atocel, Austria) dissolved in PBS was added to the culture medium (100 µl/well) to detect cell viability. After 3 h incubation at 37 °C, purple crystals of formazan were observed. The medium was removed and to solve formazan, 100 µl dimethyl sulfoxide (DMSO) (Atocel, Austria) was added to each well. The amount of formazan was quantitated with an ELISA plate reader (BioTech, USA), at 570 nm wavelength.
Real-time quantitative PCR
The expression of selected genes was analyzed in all samples by real-time RT-PCR as described previously (29) . Briefly, total RNA was isolated from samples using RNA isolation kit (Cell Amp as mentioned in Table 1 .
Fluorescence immunocytochemistry
To analyze the protein expression of collagen 
Statistical analysis
To avoid errors due to differences in sample All experiments were replicated at least twice.
Results
Isolation and culture of ADSCs
After 48 h of culture of SVF in cell culture flask, Fibroblast-like spindle shape cells were observed ( Figure 1 ). The adherent cells proliferated at a considerable rate and reached 70-80% confluence after 4 days. Both the shape and adhesion properties of the cells confirmed that the isolated cells were MSCs.
Flow cytometry analysis
As shown in figure 2 , flow cytometric analysis of ADSCs showed that a higher percentage of ADSCs (>95%) expressed CD90, CD73, and CD105 (surface antigens of MSCs) but did not expressed CD34 and CD45 (hematopoietic markers) ( Figure 2G ). These results showed that the isolated cells were MSCs.
Differentiation of isolated cells to adipocyte and osteoblast
To demonstrate the pluripotent capacity of ADSCs, they were differentiated into adipocyte and osteocyte.
Staining results by Oil Red O ( Figure 2B and 2C) and Alizarin Red S ( Figure 2E and 2F) confirmed that the isolated cells were differentiated well into adipocyte and osteoblast lineages (Figure 2 ). 
Cell viability assay
The effect of simulated microgravity on ADSCs viability was determined using MTT assay.
As shown in Figure 3 , 7 days of simulated microgravity had no significant effect on the viability of the ADSCs (P>0.05). 
Fluorescence immunocytochemistry
We analyzed the expression of collagen type III at the protein level using immunocytochemistry assay. Quantification of COLIII-positive area was performed using ImageJ 1.49v software. As seen in Figure 5 , the expression of COLIII in simulated microgravity environment ( Figure 5C and 5D) is significantly higher than its expression in 1g condition ( Figure 5A and 5B) (56.96±2.30, 81.01±7.96, 40.88±4.07, and 60.12±4.40 for Fig.   5C , 5D, 5A and 5B, respectively; P<0.05). Also, it seems that simulated microgravity condition induced cells to generate aggregated and accumulated structure.
Discussion
Gravity is one of the most important mechanical factors on earth that has extensive effects on the evolution and physiology of all living organisms. Under simulated microgravity condition, the cell morphology switches from a flattened spindle shape to an almost round phenotype. This is the result of the destruction of microfilament structures of the cytoskeleton including actin polymers. Such changes may affect intracellular signal cascades and can lead to changes in cell differentiation capability (19, 20) .
Thus, simulated microgravity may be used as a novel methodology for manipulating cells along with other biochemical techniques (30, 31) .
In this study, we found that simulated microgravity condition alters the gene expression of some important ECM and adhesive molecules in Also, our data showed that ADSCs in simulated microgravity tended to form aggregated cell structures and grow in three-dimensional ways ( Figure 5D ). This is one of the features of simulated microgravity impact on cells that was also reported by others (17) . The potential of three-dimensional growth of cells under simulated microgravity condition offers an opportunity for tissue engineering without using scaffold for regenerative medicine.
We also found that simulated microgravity 
